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Abstract: Aim: To spectrophotometrically and visually test whether the peri-implant mucosal color
differs from the color of the natural gingiva. Material and methods: Forty single implants in the incisor
and premolar region of 40 patients were assessed 3–7 years after implant placement. The differences
of the color components lightness, chroma along red-green axis, chroma along yellow-blue axis, and
the total color difference DE between peri-implant mucosa and natural gingiva were measured with a
spectrophotometer. The color difference between peri-implant mucosa and natural gingiva was visually
evaluated by clinicians and rated as “clinically visible” or “clinically invisible” from speaking distance. The
dimensions of peri-implant mucosa and gingiva at the mid-buccal aspect were evaluated by using cone-
beam CT. Spearman analysis was performed to detect correlations between different variables. Two-sided
t-test, ANOVA, Mann–Whitney, and Kruskal–Wallis tests were applied to detect differences between the
groups. Results: The spectrophotometrically assessed color difference DE between peri-implant mucosa
and natural gingiva amounted to 7.0 3.9. The peri-implant mucosa presented a significant dark, greenish
and bluish discoloration in comparison with gingiva at control teeth. Clinical investigation revealed
that in 60% of sites the color difference between peri-implant mucosa and natural gingiva was clinically
visible from speaking distance. The threshold value DE for the extraoral clinical distinction of mucosal
color differences measured 7.5. When comparing the groups with visible and invisible color differences
with respect to the three color components, a significant difference was found only for chroma along
yellow-blue axis. In the group with visible color difference, mucosa presented a bluish discoloration.
Correlation analysis indicated that with an increase in mucosal thickness, a trend for smaller DE was
found. Conclusion: The spectrophotometrically assessed color of the peri-implant mucosa revealed more
dark, green and blue components compared to the natural gingiva. At 60% of the implants, periimplant
mucosal discoloration was visible from speaking distance. The sites with visible and those with invisible
mucosal discolorations differed significantly only regarding the chroma along yellowblue axis.
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Abstract
Aim: To spectrophotometrically and visually test whether the peri-implant mucosal color differs
from the color of the natural gingiva.
Material and methods: Forty single implants in the incisor and premolar region of 40 patients
were assessed 3–7 years after implant placement. The differences of the color components
lightness, chroma along red-green axis, chroma along yellow-blue axis, and the total color
difference DE between peri-implant mucosa and natural gingiva were measured with a
spectrophotometer. The color difference between peri-implant mucosa and natural gingiva was
visually evaluated by clinicians and rated as “clinically visible” or “clinically invisible” from
speaking distance. The dimensions of peri-implant mucosa and gingiva at the mid-buccal aspect
were evaluated by using cone-beam CT. Spearman analysis was performed to detect correlations
between different variables. Two-sided t-test, ANOVA, Mann–Whitney, and Kruskal–Wallis tests
were applied to detect differences between the groups.
Results: The spectrophotometrically assessed color difference DE between peri-implant mucosa and
natural gingiva amounted to 7.0  3.9. The peri-implant mucosa presented a significant dark,
greenish and bluish discoloration in comparison with gingiva at control teeth. Clinical investigation
revealed that in 60% of sites the color difference between peri-implant mucosa and natural
gingiva was clinically visible from speaking distance. The threshold value DE for the extraoral
clinical distinction of mucosal color differences measured 7.5. When comparing the groups with
visible and invisible color differences with respect to the three color components, a significant
difference was found only for chroma along yellow-blue axis. In the group with visible color
difference, mucosa presented a bluish discoloration. Correlation analysis indicated that with an
increase in mucosal thickness, a trend for smaller DE was found.
Conclusion: The spectrophotometrically assessed color of the peri-implant mucosa revealed more
dark, green and blue components compared to the natural gingiva. At 60% of the implants, peri-
implant mucosal discoloration was visible from speaking distance. The sites with visible and those
with invisible mucosal discolorations differed significantly only regarding the chroma along yellow-
blue axis.
Natural and harmonic appearance of dental
reconstructions and adjacent soft tissue is an
essential element regarding the clinical out-
come in esthetic sites (Belser et al. 2004;
Benic et al. 2012b). Discoloration of peri-
implant mucosa represents a clinical problem
that, therefore, may compromise the esthetic
success in implant dentistry.
Spectrophotometry is the most frequently
used method to objectively assess color dif-
ferences in implant dentistry (Benic et al.
2015). When compared to the ability of the
human eye to distinguish colors in clinical
settings, spectrophotometry was found to
detect smaller color differences and to
achieve higher reproducibility (Johnston &
Kao 1989; Gehrke et al. 2009; Paniz et al.
2014).
Several spectrophotometric investigations
showed that the peri-implant mucosal color
differs from the color of the natural gingiva
(Park et al. 2007; Jung et al. 2008; Sailer et al.
2009; Bressan et al. 2011; Paniz et al. 2014).
Previous studies sought at investigating the
possibilities for improving the color match of
the peri-implant mucosa to the natural gin-
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giva. In particular, these trials evaluated the
influence of the color of the reconstructive
material and of the mucosal thickness (MT)
on the degree of mucosal discoloration (Jung
et al. 2007, 2008; Sailer et al. 2009; Bressan
et al. 2011; Happe et al. 2013a,b; Buchi et al.
2014; Pecnik et al. 2015). Based on the find-
ings of these studies, it can be concluded that
the discoloration of peri-implant mucosa can
clinically be addressed by improving the opti-
cal properties of the restorative material and
by thickening of the covering mucosa.
As far as the clinical relevance of mucosal
discoloration is concerned, the ability of the
human eye to detect color differences plays a
key role. For the intraoral evaluation of den-
tal hard tissue, spectrophotometrically mea-
sured color difference DE values ranging from
2 to 4 were reported as the threshold of per-
ceptibility by the naked eye (Johnston & Kao
1989; Douglas & Brewer 1998; Douglas et al.
2007; Yilmaz et al. 2009). A recent in vitro
trial investigated the threshold value for the
detection of color differences of the human
gingiva (Sailer et al. 2014). Under standard-
ized conditions on the computer monitor, the
threshold value DE for the perceptibility of
gingival colors amounted to 3.1. In this con-
text, it has to be taken into account that nat-
ural color difference DE between gingiva at
contralateral teeth was reported to measure
2.7 (Ishikawa et al. 1988).
Currently, there is scarce information on
the threshold value for the distinction of
mucosal color differences under clinical set-
tings. In other words, the clinical relevance of
the spectrophotometrically assessed mucosal
color difference remains unknown. In a recent
clinical trial, dental professionals rated the
color match of the peri-implant mucosa to the
natural gingiva on a scale ranging from perfect
match to clinically unacceptable (Paniz et al.
2014). Subsequently, the color difference DE
between the peri-implant mucosa and the gin-
giva was assessed by means of a spectropho-
tometer. The threshold value DE for the
clinical distinction of mucosal color differ-
ences between perfect/good match and distin-
guishable difference amounted to 8.7 (Paniz
et al. 2014). This value differs considerably
from the threshold values calculated in the
previously described studies.
The aim of this cross-sectional clinical study
was to spectrophotometrically and visually
test whether the peri-implant mucosal color
differs from the color of the natural gingiva. In
addition, the correlation between the degree of
mucosal discoloration and the MT and
between the mucosal discoloration and the
type of abutment material was investigated.
Material and methods
This cross-sectional evaluation was per-
formed at the Clinic of Fixed and Removable
Prosthodontics and Dental Material Science,
Center of Dental Medicine, University of
Zurich, Zurich, Switzerland. The trial was
approved by the local ethics committee (Kan-
tonale Ethik-Kommission, Zurich, Switzer-
land), and written informed consent was
obtained from all the patients.
Patient and implant selection
Three investigators experienced in recon-
structive and implant dentistry performed
the examinations. Prior to the study, the
investigators attended a calibration session to
standardize the criteria for the patient selec-
tion and the assessment techniques.
The patients previously treated with single
implants at the Clinic of Fixed and Remov-
able Prosthodontics and Material Science,
Centre of Dental Medicine, University of
Zurich, were recruited for this investigation.
The study implant had to fulfill the follow-
ing inclusion criteria:
• Single-tooth implant in incisor, canine, or
premolar region.
• Follow-up period of 3–7 years after
implant placement.
• Presence ofmesial and distal natural teeth.
• No metal reconstruction on two teeth
mesially and distally to the implant site.
• Complete clinical records.
• No previous occurrence of complications
that required any surgical treatment.
• No implant mobility, no persistent sub-
jective complaints, no continuous peri-
implant radiolucency.
• No peri-implant infection.
If two or more implant sites per patient ful-
filled the inclusion criteria, one study site was
randomly selected by casting a die. The con-
tralateral vital tooth was selected as control
site. In cases where the contralateral tooth
was absent or non-vital, the control tooth was
chosen adjacent to the implant site.
Spectrophotometric assessment
A reflectance spectrophotometer (Spec-
troshadeTM; Medical High Technologies,
Niederhasli, Switzerland) was used for the
color evaluation of the buccal mucosa. Prior
to each measurement, the camera was cali-
brated by using a white and a green ceramic
tile supplied by the manufacturer.
To objectively measure the discoloration of
the peri-implant mucosa, spectrophotometric
measurements of the buccal mucosa were
performed at study implant and at control
tooth (Fig. 1). The spectrophotometer camera
was positioned perpendicular to the mid-buc-
cal mucosa, and three images were captured
at each site. For spectrophotometric analysis,
the image was displayed on a computer mon-
itor and a circular area-of-interest with 1 mm
diameter was selected. The center of the
area-of-interest was located 1 mm apical to
the mid-buccal mucosal/gingival margin (Sai-
ler et al. 2009; Benic et al. 2013).
Spectral analysis rendered the CIE-Lab
color coordinates (Commission Internationale
d’Eclairage) L: lightness, a: chroma along red-
green axis, and b: chroma along yellow-blue
axis. The total color difference DE between
the peri-implant mucosa and the natural gin-
giva was calculated according to the formula
DE = [(Limpl  Lcontr)2 + (aimpl  acontr)2 +(bimpl
 bcontr)2]1/2 (CIE 2004).
The DE value of 3.7 was considered as the
threshold value for intraoral color distinction
by the human eye (Johnston & Kao 1989).
Clinical assessment
The procedures used for periodontal assess-
ment and periapical radiography will be
described in a subsequent publication (three-
dimensional evaluation of peri-implant bone
and mucosa).
The clinicians visually evaluated the color
match between the buccal marginal mucosa at
the implant site and the gingiva at the control
tooth from a distance of 40–50 cm. If needed,
the lips were retracted to allow the full display
of the marginal mucosa at the implant site
and the control tooth. The clinicians rated the
peri-implant mucosal discoloration as “clini-
cally visible” or “clinically invisible”.
Cone-beam computed tomographic assessment
The procedures used for cone-beam computed
tomography (CBCT) scanning and analysis
will be described in a subsequent publication
(three-dimensional evaluation of peri-implant
bone and mucosa).
To allow depicting the soft tissues within
CBCT, a thin layer of light-curing radio-opa-
que flowable composite was applied on the
peri-implant mucosa and the gingiva of the
control tooth (Benic et al. 2012a; Jung et al.
2015). CBCT imaging was performed with a
3DExam CBCT scanner (KaVo Dental, Biber-
ich, Germany). The scans were made with
following technical parameters: 120 kV,
5 mA, 19 mAs, voxel size of 0.125 mm and
360° rotation.
Bucco-oral sections perpendicular to the
implant/tooth axis were used for CBCT anal-
ysis. The following parameters were assessed:
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• Mucosal thickness at the study implant
(MT) 1 mm apical to the mucosal margin
measured perpendicular to the implant
axis (mm).
• Gingival thickness at the control tooth
(GT) 1 mm apical to the gingival margin
measured perpendicular to the tooth axis
(mm).
• Distance from the mucosal margin to the
most coronal aspect of the alveolar crest
(MM-AC) measured parallel to the
implant axis (mm).
Statistical analysis
Descriptive statistics was computed for all
the variables (SPSS Statistics 21; IBM corpo-
ration, Somers, NY, USA). The data were
described by using mean values, standard
deviations, 95% confidence intervals (95%
CI), medians, and ranges. The assumption of
normality of the data was tested using
Kolmogorov–Smirnov and Shapiro–Wilk tests.
In case of normal distribution parametric
methods (t-test and ANOVA) were applied.
Nonparametric tests (Spearman correlation,
Mann–Whitney, and Kruskal–Wallis tests)
were used in case of non-normality of the
data. More specifically, the one-sample t-test
was applied to test DE values in comparison
with the threshold DE of 3.7 for intraoral
color distinction. Spearman analysis was per-
formed to detect correlations between DE,
DL, Da, Db, MT, GT, MM-AC, reconstructive
materials, and results of the visual evalua-
tion. Stratified analyses were computed by
partitioning the sites according to the MT,
the reconstructive material, and the result of
the visual rating. Two-sided t-test and
Mann–Whitney test were applied to detect
differences between the group with visually
detectable color difference and the group
with invisible color difference. Kruskal–Wal-
lis test and ANOVA were performed for com-
parisons between the three groups with
different MTs and between the three groups
with different reconstructive materials. ROC
analysis was employed to calculate a thresh-
old DE value for the extraoral clinical distinc-
tion of mucosa color. Results of tests with P-
value ≤0.05 were considered statistically sig-
nificant, and these with P-value between
0.05 and 0.1 were interpreted as statistical
trend.
Results
A total of 40 patients (18 women and 22
men) with 40 study implants were included
in this study. The patients’ mean age
amounted to 36.6 years (range: 27–73 years).
The follow-up period after implant placement
ranged from 42 to 84 months (mean:
5.1 years).
Seven implants were inserted to replace
maxillary premolars, 3 for maxillary canines,
24 for maxillary incisors, and 6 for mandibular
premolars. With respect to implant type, there
were 24 one-piece and 16 two-piece implants.
Two implant placements were performed
immediately after tooth extraction, 15 as type
II procedure, 2 as type III procedure, and 21 as
type IV procedure (H€ammerle et al. 2004).
Guided bone regeneration was performed in
35 sites either as one- or as two-stage proce-
dure. Two implants were loaded immediately
after implant placement, 1 implant was early
loaded, and 37 implants were conventionally
loaded (Esposito et al. 2007).
Spectrophotometrically evaluated mucosal
color difference
The overall color difference DE between the
peri-implant mucosa and the natural gingiva
amounted to 6.97  3.90 (Table 1). This
value was statistically different from the
threshold value of 3.7 for color distinction
(P < 0.001). In 31 of 40 sites (77.5%), DE mea-
sured >3.7.
DL amounted to 1.36  4.53, Da to
2.78  5.00, and Db to 1.63  2.51
(Table 1). In other words, the buccal peri-
implant mucosa revealed a dark, greenish
and bluish discoloration in comparison with
the gingiva at control teeth.
Visually evaluated mucosal color difference
In 16 of 40 sites (40%), the color difference
between the peri-implant mucosa and the
natural gingiva was clinically invisible from
speaking distance, whereas in 24 of 40 sites
(60%), the clinicians detected a visible color
difference. A statistically significant correla-
tion was detected between DE and results of
the clinicians’ visual evaluation of the color
match (Spearman coeff.: 0.345; P = 0.029).
Total color difference DE amounted to
5.34  3.24 in the group with invisible color
difference and to 8.06  3.99 in the group
with perceivable color difference (Table 2,
Fig. 2). The difference between the groups
was statistically significant (P = 0.029).
When comparing the sites with visible and
those with invisible color differences regard-
ing the color components, significant differ-
ence was found only for Db. Db amounted to
0.38  1.91 in the group with invisible color
difference and to 2.46  2.54 in the group
with perceivable color difference (P = 0.008)
(Table 2, Fig. 2). In other words, in the group
with visible color difference, the mucosa pre-
sented a bluish discoloration (Fig. 2).
Ten of 16 (62.5%) sites with invisible color
difference revealed DE > 3.7. In the group
with visible color difference, 21 of 24 (87.5%)
of the sites were characterized by DE > 3.7.
The threshold value DE for the clinical dis-
tinction of mucosal color differences was cal-
culated and amounted to 7.54.
Mucosal thickness and mucosal color difference
Mean peri-implant MT measured
1.75  0.41 mm (range: 0.90–2.70 mm) and
mean GT at the control teeth amounted to
1.17  0.22 mm (range: 0.80–1.70 mm). MT
and GT were significantly correlated (Spear-
man coeff.: 0.426; P = 0.006). On average,
MT was 0.58  0.36 mm thicker in compar-
ison with GT (95% CI: 0.47; 0.70 mm)
(Table 3).
Fig. 1. Spectrophotometric color evaluation of the buccal mucosa at the control tooth 11 and the test implant 21.
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A statistical trend was detected for the cor-
relations between DE and MT (Spearman
coeff.: 0.294; P = 0.066) and between DE
and GT (Spearman coeff.: 0.283; P = 0.077),
indicating that with an increase in soft tissue
thickness a smaller DE was found.
Dividing the sites according to the MT ren-
dered 6 of 40 (15%) cases with
MT < 1.5 mm, 23 of 40 (57.5%) cases with
MT 1.5–2 mm and 11 of 40 (27.5%) cases
with MT > 2 mm. Total color difference DE
reached 9.94  4.50 in the group with
MT < 1.5 mm (MT: 1.12  0.17 mm). DE
measured 6.93  3.59 in the group with MT
1.5–2 mm (MT: 1.68  0.16 mm) and
5.44  3.61 in the group with MT > 2 mm
(MT: 2.25  0.23 mm) (Table 4, Fig. 3). There
was a statistical trend of differences between
the groups (P = 0.064).
The total color difference DE was above the
threshold value 3.7 for intraoral color distinc-
tion in 100% of cases with MT < 1.5 mm, in
78.3% of cases with MT 1.5–2 mm, and in
63.6% of cases with MT > 2 mm. DE was
significantly above 3.7 in the groups with
MT < 1.5 mm (P = 0.019) and MT 1.5–2 mm
(P < 0.001). In the group with MT > 2 mm,
the difference between DE and 3.7 was not
statistically significant (P = 0.140) (Fig. 3).
The highest color differences DL, Da, and Db
were found in the sites with MT < 1.5 mm. In
the group with MT > 2 mm, DL amounted to
0.01  3.91 (95% CI: 2.62; 2.63), Da to
2.82  4.18 (95% CI: 5.62; 0.01), and Db
to 1.49  1.29 (95% CI: 2.36; 0.63)
(Table 4, Fig. 3).
The sites with visible and those with
invisible mucosal discolorations did not dif-
fer regarding the MT (P = 0.760). MT mea-
sured 1.75  0.43 mm in the group with
invisible color difference and 1.75  0.40
mm in the group with perceivable color dif-
ference.
Reconstructive material and mucosal color
difference
Dividing the sites according to the recon-
structive material under the mucosal region-
of-interest (1 mm apical to the mid-buccal
mucosal margin) rendered six sites with all-
ceramic, nine sites with metal–ceramic
(porcelain-fused-to-metal), and 23 with metal
(titanium or gold) (n = 38). Two resin crowns
were not included in this part of the analysis.
DE amounted to 4.84  2.97 for all-cera-
mic, to 7.05  5.04 for metal–ceramic, and to
7.25  3.39 for metal. There were no statisti-
Fig. 2. Boxplots for (a) total color difference (DE), (b) difference of lightness (DL), (c) difference of chroma along red-green axis (Da), and (d) difference of chroma along yellow-blue
axis (Db) between the peri-implant mucosa and the natural gingiva divided according to the results of the visual evaluation of color match. The line at the DE value of 3.7 repre-
sents the threshold value for intraoral color distinction.
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cally significant differences in DE, DL, Da,
and Db between the groups (P > 0.05) (Table
5).
Mucosal thickness measured 1.80 
0.28 mm in the all-ceramic group,
1.58  0.40 mm in the metal–ceramic group,
and 1.80  0.42 mm in the metal group
(P > 0.05).
Discussion
In the present study, the spectrophotometri-
cally assessed color of the peri-implant
mucosa differed significantly from the color
of the natural gingiva. At 60% of the
implants, peri-implant mucosal discoloration
was visible from speaking distance. The sites
with perceptible and non-perceptible mucosal
discolorations differed significantly only
regarding the chroma along yellow-blue axis.
The threshold value DE for the extraoral clin-
ical distinction of mucosal color differences
amounted to 7.5.
In this study, the total color difference DE
between peri-implant mucosa and natural
gingiva measured 7.0  3.9. The color coordi-
nates L, a, and b were significantly lower at
implant sites compared with control sites. In
other words, the peri-implant mucosa color
presented more dark, green and blue compo-
nents in comparison with the gingiva at the
control teeth. These data are within the
range of mean values reported in previous
clinical studies that spectrophotometrically
assessed the color difference between peri-
implant soft tissue and gingiva at control
Fig. 3. Boxplots for (a) total color difference (DE), (b) difference of lightness (DL), (c) difference of chroma along red-green axis (Da), and (d) difference of chroma along yellow-
blue axis (Db) between the peri-implant mucosa and the natural gingiva divided according to the mucosal thickness. The line at the DE value of 3.7 represents the threshold
value for intraoral color distinction as perceived by human eye.
Table 1. Results of the spectrophotometric assessment of color differences
Mean  SD Range 95% CI (Mean) Median IQR 95% CI (Median)
DE 6.97  3.90 1.61 to 15.12 5.72; 8.22 6.04 5.69 4.56; 7.86
DL 1.36  4.53 12.03 to 6.90 2.81; 0.09 1.57 5.30 3.19; 0.27
Da 2.78  5.00 12.67 to 8.17 4.38; 1.18 2.10 8.40 4.23; 0.33
Db 1.63  2.51 8.17 to 3.23 2.43; 0.83 1.85 3.84 2.44; 0.97
DE, total color difference; DL, difference of lightness; Da, difference of chroma along red-green axis;
Db, difference of chroma along yellow-blue axis; SD, standard deviation; 95% CI (Mean), 95% confi-
dence interval of the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of
the median.
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Table 2. Results of the spectrophotometric assessment of color differences divided according to the results of the visual evaluation of color match
Sample size
Color difference
Component Mean  SD Range 95% CI (Mean) Median IQR 95% CI (Median) P-value*
Clinically invisible 16 DE 5.34  3.24 1.61 to 13.65 3.61; 7.06 4.53 3.86 3.48; 6.59 0.029†
Clinically visible 24 8.06  3.99 2.65 to 15.12 6.37; 9.74 7.81 6.42 4.79; 9.55
Clinically invisible 16 DL 0.47  4.44 9.60 to 6.73 2.83; 1.90 1.12 6.38 3.47; 1.47 0.316
Clinically visible 24 1.95  4.59 12.03 to 6.90 3.89; 0.01 2.27 6.48 3.67; 0.20
Clinically invisible 16 Da 1.78  3.69 11.43 to 3.70 3.74; 0.19 1.33 4.89 3.17; 0.80 0.269
Clinically visible 24 3.44  5.69 12.67 to 8.17 5.84; 1.04 3.27 9.33 7.78; 0.57
Clinically invisible 16 Db 0.38  1.91 3.93 to 3.23 1.40; 0.65 0.52 2.67 1.80; 0.67 0.008†
Clinically visible 24 2.46  2.54 8.17 to 2.93 3.54; 1.39 2.47 3.00 3.57; 1.03
DE, total color difference; DL, difference of lightness; Da, difference of chroma along red-green axis; Db, difference of chroma along yellow-blue axis;
SD, standard deviation; 95% CI (Mean), 95% confidence interval of the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the
median.
*Results of t-test for the comparison between the groups with clinically invisible and visible color difference.
†Statistically significant.
Table 3. Results of soft tissue dimensions
Mean  SD Range 95% CI (Mean) Median IQR 95% CI (Median)
MT (mm) 1.75  0.41 0.90 to 2.70 1.62; 1.88 1.70 0.50 1.60; 1.90
GT (mm) 1.17  0.22 0.80 to 1.70 1.09; 1.24 1.10 0.30 1.00; 1.20
DMT-GT (mm) 0.58  0.36 0.30 to 1.40 0.47; 0.70 0.65 0.40 0.50; 0.70
MM-AC (mm) 4.48  1.24 1.60 to 8.90 4.08; 4.87 4.30 1.50 4.15; 4.70
MT, mucosal thickness; GT, gingival thickness; DMT-GT, difference between MT and GT; MM, mucosal margin; AC, alveolar crest; SD, standard deviation;
95% CI (Mean), 95% confidence interval of the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the median.
Table 4. Results of the spectrophotometric assessment of color differences divided according to the mucosal thickness
MT (mm) Sample size
Color difference
Component Mean  SD Range 95% CI (Mean) Median IQR 95% CI (Median) P-value*
<1.5 6 DE 9.94  4.50 4.88 to 15.12 5.22; 14.66 9.24 9.30 5.22; 15.10 0.064
1.5–2 23 6.93  3.59 1.61 to 13.65 5.37; 8.48 6.59 5.78 4.24; 9.05
>2 11 5.44  3.61 1.77 to 14.68 3.02; 7.87 4.18 4.22 3.18; 7.41
<1.5 6 DL 3.59  6.85 12.03 to 6.73 10.79; 3.60 4.13 12.59 10.65; 4.00 0.323
1.5–2 23 1.43  4.06 9.60 to 6.33 3.18; 0.33 2.10 5.10 3.53; 0.32
>2 11 0.01  3.91 6.23 to 6.90 2.62; 2.63 0.40 5.87 2.60; 3.27
<1.5 6 Da 1.54  7.09 12.67 to 8.17 8.98; 5.90 2.55 10.48 8.00; 5.93 0.908
1.5–2 23 3.08  4.95 11.43 to 4.00 5.22; 0.94 1.40 10.49 7.47; 1.07
>2 11 2.82  4.18 12.67 to 4.37 5.62; 0.01 2.13 10.50 3.87; 0.87
<1.5 6 Db 2.44  4.01 8.17 to 2.40 6.65; 1.77 2.60 7.34 6.57; 1.85 0.848
1.5–2 23 1.48  2.55 6.57 to 3.23 2.59; 0.38 1.80 4.27 2.48; 0.03
>2 11 1.49  1.29 3.37 to 0.63 2.36; 0.63 1.90 1.60 2.50; 0.90
DE, total color difference; DL, difference of lightness; Da, difference of chroma along red-green axis; Db, difference of chroma along yellow-blue axis; SD,
standard deviation; 95% CI (Mean), 95% confidence interval of the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the med-
ian.
*Results of Kruskal–Wallis test for the comparison between the groups with different mucosal thicknesses.
Table 5. Results of the spectrophotometric assessment of color differences divided according to the reconstructive material
Sample size
Color difference
Component Mean  SD Range 95% CI (Mean) Median IQR 95% CI (Median) P-value*
All-ceramic 6 DE 4.84  2.97 1.77 to 10.54 1.72; 7.96 4.12 2.91 2.84; 7.63 0.382
Metal–ceramic 9 7.05  5.04 1.78 to 15.07 3.17; 10.92 4.79 9.68 2.99; 13.65
Metal 23 7.25  3.39 1.61 to 15.12 5.78; 8.72 7.44 5.41 5.66; 8.71
All-ceramic 6 DL 0.61  3.05 3.67 to 4.17 3.80; 2.59 1.00 5.76 3.63; 2.82 0.157
Metal–ceramic 9 4.00  4.15 12.03 to 1.53 7.19; 0.81 4.17 6.18 6.77; 0.20
Metal 23 0.78  4.62 9.60 to 6.73 2.78; 1.22 1.43 6.73 2.61; 1.27
All-ceramic 6 Da 1.33  4.49 9.00 to 2.97 6.04; 3.39 0.10 7.19 6.43; 2.97 0.142
Metal–ceramic 9 0.15  5.69 9.87 to 8.17 4.54; 4.21 1.33 8.65 7.47; 3.85
Metal 23 3.74  4.38 12.67 to 4.37 5.63; 1.84 3.20 7.45 6.13; 1.08
All-ceramic 6 Db 0.08  2.21 3.57 to 2.93 2.24; 2.40 0.67 3.20 2.37; 1.98 0.133
Metal–ceramic 9 2.55  2.39 6.57 to 0.83 4.39; 0.71 1.80 3.77 5.63; 1.03
Metal 23 1.79  2.51 8.17 to 3.23 2.88; 0.71 2.13 3.40 2.52; 0.88
DE, total color difference; DL, difference of lightness; Da, difference of chroma along red-green axis; Db, difference of chroma along yellow-blue axis;
SD, standard deviation; 95% CI (Mean), 95% confidence interval of the mean; IQR, interquartile range; 95% CI (Median), 95% confidence interval of the
median.
*Results of ANOVA for the comparison between the groups with different reconstructive materials.
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teeth. These trials reported significant spec-
tral differences with mean DE values ranging
from 3.4 to 11, and lower L, a, and b values
at implant sites in comparison with control
teeth (Ishikawa-Nagai et al. 2007; Park et al.
2007; Jung et al. 2008; Sailer et al. 2009; Bres-
san et al. 2011; Paniz et al. 2014). The dis-
crepancy between the data from different
studies may be due to the differences in spec-
trophotometer, measurement protocol (e.g.
location and surface of the region-of-interest),
MT, and reconstructive material of the
implant-supported restoration under investi-
gation.
Under standardized laboratory conditions,
the human eye is able to distinguish a color
difference DE of 1 (Kuehni & Marcus 1979).
For the intraoral evaluation of dental hard
tissue, spectrophotometrically assessed color
difference DE values in the range from 2 to
4 were reported as detection threshold (John-
ston & Kao 1989; Douglas & Brewer 1998;
Douglas et al. 2007; Yilmaz et al. 2009). In
previous clinical investigations of the color
of oral mucosa, the DE value of 3.7 (John-
ston & Kao 1989) was generally considered
as the limit of visibility (Jung et al. 2008;
Sailer et al. 2009; Bressan et al. 2011; Benic
et al. 2013; Buchi et al. 2014). A recent
in vitro trial assessed the limit of gingival
color detection by the human eye (Sailer
et al. 2014). The colors of digital images of
human gingiva were gradually modified and
the images were randomly presented on a
computer monitor. Dentists, dental techni-
cians, and lay people assessed visible differ-
ences between the images. The overall
threshold value DE amounted to 3.1. When
considering the clinical relevance of muco-
sal discolorations, one has to take into
account that color difference DE between
natural gingiva at contralateral teeth was
reported to measure 2.7 (Ishikawa et al.
1988).
In a recent clinical trial with 39 patients,
the shade of the peri-implant mucosa was
visually and spectrophotometrically com-
pared with the shade of the gingiva at the
adjacent tooth (Paniz et al. 2014). The visual
inspection was performed by five dental pro-
fessionals, which rated the peri-implant
mucosa on a scale: grade 1 = perfect match-
ing, grade 2 = good matching (distinguishable
at intraoral examination), grade 3 = distin-
guishable at extraoral examination, but clini-
cally acceptable, and grade 4 = clinically
unacceptable. Eight sites were rated with
median grade 1, 22 sites with median grade
2, and nine sites with median grade 3. The
investigators found a significant correlation
between DE values and results of the visual
inspection. The mean DE value amounted to
6.6 for the sites rated with grade 1, to 8.5 for
the sites with grade 2, and to 15.5 for the
sites rated with grade 3. The threshold value
DE between perfect/good match (grades 1–2)
and clinical visibility (grade 3) of the mucosal
discoloration amounted to 8.7 (Paniz et al.
2014). These results are in accordance with
the findings of the present investigation. In
the current study, the mucosal discolorations
were rated as “invisible” and “visible” from
speaking distance. Therefore, both studies
calculated the threshold for the visibility of
mucosal discoloration at extraoral inspection.
It is striking that the threshold values for the
extraoral visibility of mucosal discolorations
found in these two studies are significantly
higher than the value generally considered as
the limit of intraoral color distinction (John-
ston & Kao 1989).
In the present investigation, 60% of the
sites presented a mucosal discoloration that
was visible from speaking distance. Interest-
ingly, when comparing the sites with visible
mucosal discoloration to those with invisible
discoloration, a significant difference was
found only regarding the chroma along yel-
low-blue axis. In the group with visible
discoloration, peri-implant mucosa was sig-
nificantly more bluish than the natural gin-
giva. On the other hand, in the group with
non-perceptible discolorations, there were no
differences in the blue color component
between peri-implant mucosa and gingiva. It
can, therefore, be hypothesized that the
human eye is more sensible to the color dif-
ferences in the blue direction compared to
other directions of the color coordinate sys-
tem. To our knowledge, this is the first study
that compared the differences in the color
components between the sites with visible
and those with invisible peri-implant muco-
sal discoloration.
Various earlier spectrophotometric investi-
gations found that the MT affected the degree
of soft tissue discoloration caused by the color
of the underlying reconstructive material or
discolored tooth (Jung et al. 2007; Benic et al.
2013; Happe et al. 2013b; Pecnik et al. 2015).
It was concluded that when MT exceeded
2 mm, the discoloration of mucosa caused by
the underlying materials was below the DE
threshold value of 3.7 (Jung et al. 2007; Pecnik
et al. 2015). In accordance to these findings, in
the present study, a statistical trend was found
for the correlation between the MT and the
spectrophotometrically assessed degree of
mucosal discolorations. The peri-implant
mucosa showed less discoloration in cases
with thicker soft tissue. However, there was
no correlation between the MT and the results
of the visual rating of color differences. Indeed,
the sites with visible mucosal discolorations
and those with invisible discolorations did not
differ regarding the MT. In the previously
mentioned clinical study that assessed extrao-
ral visibility of mucosal discolorations, the
sites with good color match presented more
frequently a thick mucosal biotype compared
to the sites with poor color match (Paniz et al.
2014).
One of the first clinical studies in this field
compared metal–ceramic and all-ceramic
implant-supported reconstructions with
respect to the degree of peri-implant mucosal
discoloration (Jung et al. 2008). It was con-
cluded that all-ceramic reconstructions reveal
better peri-implant mucosal color match to
the natural gingiva. In other clinical studies,
no difference in the mucosal discolorations
was found between ceramic and metal abut-
ments (Sailer et al. 2009; Bressan et al. 2011).
In the present investigations, even though
there was no statistical significance, a favor-
able trend in terms of less mucosal discol-
orations was observed for all-ceramic in
comparison with metal–ceramic.
The main limitation of the present study
is the fact that the visual rating of mucosal
discoloration was performed only once for
each site and that the patient cohort was
examined by three clinicians. To reduce dis-
crepancies in the assessment technique, a
calibration meeting was held prior to the
study start. For this purpose, digital pho-
tographs were visually assessed and the rat-
ing was discussed to aim for congruence.
Nevertheless, the applied study design bears
the risk of measurement inaccuracy due to
the potentially low agreement of the visual
rating. Ideally, multiple visual rating of each
site is performed, permitting to control for
inter- and intrarater agreement. As far as the
clinical relevance of the findings from the
present trial is concerned, it has to be taken
into account that the perception of esthetic
variations differ between lay people and den-
tal professionals (Kokich et al. 1999; Gehrke
et al. 2008; Sailer et al. 2014). Therefore,
visual rating of the mucosa should have
been performed by clinicians and by the
patients.
Based on the findings of the present study,
it can be deduced that visible mucosal dis-
coloration can be expected at a large number
of implants, with higher color discrepancies
at sites with thin mucosa and those with
metal abutments. According to the current
knowledge, the mucosal discolorations can
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clinically be reduced using two different
approaches: improving the optical properties
of the restorative material and surgically
thickening the covering mucosa. This inves-
tigation provides relevant information
regarding the perceptibility of mucosal color
under clinical settings, and the differences
between the sites with visible discolorations
and those with invisible color differences.
Further clinical investigations are needed to
confirm the observations from the present
trial. Future clinical research should investi-
gate whether the human eye is more percep-
tible to the color differences of particular
color components.
Conclusions
Within the limitations of the present study,
it can be concluded that:
• Spectrophotometrically assessed color of
the peri-implant mucosa revealed more
dark, green and blue components in com-
parison with the natural gingiva.
• At 60% of the implants, peri-implant
mucosal discoloration was visible from
speaking distance.
• The sites with visible and those with
invisible mucosal discolorations differed
significantly only regarding the chroma
along yellow-blue axis.
• The threshold value DE for the extraoral
clinical distinction of mucosal color dif-
ferences amounted to 7.5.
• Soft tissue thickness appeared a crucial
factor with respect to the spectrophoto-
metrically measured degree of peri-
implant mucosal discoloration, with a
trend for less pronounced discolorations
in patients with thick mucosa. The sites
with visible and those with invisible
mucosal discolorations did, however, not
differ regarding the MT.
• Peri-implant MT was significantly corre-
lated to the GT. On average, the peri-
implant mucosa was 0.5–0.7 mm thicker
than the natural gingiva.
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Begleittext zur Publikation (equal contribution) 
Von Daniela Scherrer 
Zusammenfassung 
Einleitung: Die natürliche und harmonische Erscheinung zahnärztlicher Re-
konstruktionen und umliegender Weichgewebe ist ein wichtiger Erfolgsfaktor für 
zahnärztliche rekonstruktive Behandlungen im sichtbaren Mundbereich. Aus diesem 
Grund stellen pathologisch verursachte oder iatrogen induzierte Farb- und Formver-
änderungen der peri-implantären Mukosa ein klinisches Problem dar. Spektrophoto-
metrie ist die meist genutzte Methode zur objektiven Farbbestimmung in der Zahn-
medizin. Aus früheren spektrophotometrischen Studien ist bekannt, dass durch Ver-
änderungen der optischen Eigenschaften der Rekonstruktionsmaterialien an Implan-
tatversorgungen sowie durch Verdickung der Schleimhaut die Farbveränderung der 
peri-implantären Mukosa korrigiert werden können. Die klinische Relevanz des Far-
bunterschiedes ist letztlich abhängig davon, wie gross ein objektiver Farbunterschied 
sein kann ohne von Auge erkannt zu werden. In der Literatur sind die Grenzwerte für 
den Farbunterschied zwischen Zähnen besser dokumentiert als jene für den Farbun-
terschied zwischen Weichgeweben. Die wenigen Ergebnisse der bisherigen Studien 
liegen weit auseinander. Somit erscheint die klinische Relevanz spektrophotometri-
scher Farbbestimmungen der intraoralen Weichgewebe weitgehend unbekannt. Das 
Ziel der vorliegenden Studie war es, sowohl mittels eines Spektrophotometers als 
auch von Auge zu testen, ob ein Farbunterschied zwischen der peri-implantären Mu-
kosa und der Gingiva an natürlichen Zähnen besteht. 
Material und Methoden: Vierzig Einzelzahnimplantate in der Frontzahn- und 
Prämolarenregion wurden drei bis sieben Jahre nach der Implantation untersucht. 
Für jedes Implantat wurde der kontralaterale vitale Zahn als Referenz gewählt. Mit 
Hilfe eines Spektrophotometers wurde der bukkale Bereich der peri-implantären Mu-
kosa am Studienimplantat und der Gingiva am entsprechenden Kontrollzahn erfasst. 
Die Farbmessung erfolgte 1 mm apikal des Mukosarandes am Studienimplantat bzw. 
des Gingivarandes am Kontrollzahn. Die erhaltenen Werte für die Farbkomponenten 
Helligkeit (L), Farbton entlang der Rot-Grün-Achse (a) und Farbton entlang der Gelb-
Blau-Achse (b) wurden in einer Excel-Tabelle gesammelt. Der gesamte Farbunter-
schied (ΔE) zwischen dem peri-implantären Weichgewebe und der Gingiva am natür-
lichen Kontrollzahn wurde mit der Formel ΔE=[(Limpl-Lcontr)2+(aimpl-acontr)2+(bimpl-
bcontr)2]1/2 berechnet. Klinisch wurde der Farbunterschied zwischen peri-implantärer 
Mukosa und Gingiva am Kontrollzahn durch drei erfahrene Zahnärzte aus Sprechdis-
tanz beurteilt. Der Farbunterschied wurde entweder als “klinisch sichtbar” oder “kli-
nisch unsichtbar” bewertet. Anhand einer digitalen Volumentomografie (DVT) wurde 
die Dicke der peri-implantären Mukosa und der Gingiva an der umschriebenen 
Farbmessstelle ermittelt. Zusätzlich wurden sowohl die Höhe als auch die Dicke des 
Knochens an sämtlichen Studienimplantaten und Kontrollzähnen gemessen. Um die 
Weichgewebekontur in der DVT sichtbar zu machen, wurde vorgängig eine dünne 
Schicht des radioopaken Komposits auf die bukkale Schleimhaut des Implantates 
und des Kontrollzahnes angebracht und lichtgehärtet. Die DVT-Datensätze wurden 
mit einer CT-Visualisierungssoftware ausgemessen. Für die statistische Auswertung 
wurden die Fälle nach verschiedenen Kriterien gruppiert. Einerseits erfolgte eine Ein-
teilung bezüglich der klinischen Bewertung in „klinisch sichtbar“ oder „klinisch un-
sichtbar“. Weiter wurden die Fälle nach der Dicke der peri-implantären Schleimhaut 
in 3 Gruppen (<0.5 mm; 0.5-1 mm; >1 mm) unterteilt. Zudem wurden die Fälle nach 
dem Material, welches an der Farbmessstelle unterhalb der Schleimhaut liegt, in drei 
Gruppen unterteilt: Vollkeramik, Metallkeramik und Metall. Die statistische Auswer-
tung wurde mit SPSS durchgeführt. In Abhängigkeit davon, ob Normalverteilung an-
genommen wurde, wurden entweder parametrische oder nicht-parametrische Verfah-
ren angewendet. Für alle Variablen wurde die deskriptive Auswertung mit Mittelwert, 
Standardabweichung, 95%-Vertrauensintervall, Median und Range durchgeführt. 
Das nicht-parametrische Spearman-Verfahren wurde benutzt um Korrelationen zwi-
schen verschiedenen Variablen zu erkennen. Zweiseitiger t-Test, ANOVA, Mann-
Whittney- und Kruskal-Wallis-Tests wurden verwendet um Unterschiede zwischen 
den verschiedenen Gruppen festzustellen. Das Signifikanzniveau wurde auf 0.05 
festgelegt. 
Resultate: Der spektrophotometrisch ermittelte Farbunterschied ΔE zwischen 
peri-imlantärer Mukosa und natürlicher Gingiva betrug 7.0 ± 3.9. Die Auswertung der 
Farbkomponenten zeigte, dass die peri-implantäre Mukosa eine statistisch signifikant 
dunklere, grünlichere und bläulichere Verfärbung im Vergleich zum Zahnfleisch an 
den Kontrollzähnen präsentierte. Die klinische Untersuchung ergab in 60% (24/40) 
der Fälle einen sichtbaren Farbunterschied zwischen peri-implantärer Mukosa und 
natürlicher Gingiva. Der Grenzwert ΔE für die extraorale klinische Beurteilung von 
Schleimhautfarben betrug 7.5. Anders gesagt, wenn der objektive Farbunterschied 
grösser als 7.5 war, konnte die Farbabweichung von erfahrenen Zahnärzten klinisch 
aus Sprechdistanz erkannt werden. Der Vergleich der Gruppe mit klinisch sichtbarem 
Farbunterschied und der Gruppe mit klinisch unsichtbarem Farbunterschied im Hin-
blick auf die drei Farbkomponenten L, a und b ergab nur einen statistisch signifikan-
ten Unterschied für den Farbton entlang der Gelb-Blau-Achse. In der Gruppe mit ext-
raoral erkennbarem Farbunterschied wies die peri-implantäre Mukosa eine bläuliche 
Verfärbung auf. Die Korrelationsanalyse zeigte, dass mit zunehmender Schleimhaut-
dicke über dem Implantat oder Zahn tendenziell ein kleinerer Farbunterschied fest-
zustellen war. Die Farbunterschiede zwischen den einzelnen Gruppen verschiedener 
Rekonstruktionsmaterialien waren statistisch nicht signifikant. 
Schlussfolgerung: Die spektrophotometrische Analyse zeigte, dass die peri-
implantäre Mukosa mehr dunkle, grüne und blaue Farbkomponenten enthielt im Ver-
gleich zur Gingiva an natürlichen Zähnen. In 60% der Fälle war der Farbunterschied 
zwischen der peri-implantären Mukosa und der Gingiva an den Kontrollzähnen aus 
Sprechdistanz erkennbar. Die Implantate mit sichtbarer Schleimhautverfärbung und 
diejenigen mit nicht-sichtbarer Verfärbung unterschieden sich nur bezüglich des 
Farbtons entlang der Gelb-Blau-Achse. 
Eigener Beitrag 
Zu Beginn las ich mich mit Hilfe von wissenschaftlichen Artikeln aus PubMed in die 
Thematik ein. Die Fotoaufnahmen mit dem Spektrophotometer und die klinische 
Farbbeurteilung wurden von Dr. Manuel Sancho-Puchades, Dr. Goran I. Benic und 
PD Dr. Daniel S. Thoma durchgeführt. Ich führte die spektrale Analyse am Spektro-
photometer selbständig durch und berechnete die Farbunterschiede wie oben be-
schrieben in Excel. Die DVT-Datensätze aller Studienteilnehmer importierte ich in 
eine 3D-Visualsierungssoftware. Damit nahm ich die Dimensionsmessungen an allen 
Implantaten und Kontrollzähnen vor. Alle Messungen der Farbunterschiede und der 
Hart- oder Weichgewebedimensionen in der DVT führte ich dreimal durch und über-
trug jeweils den Mittelwert in SPSS. Mit demselben Programm nahm ich die statisti-
sche Analyse vor, wobei mir Frau Margrit Roos beratend zur Seite stand. Das Manu-
skript war von Anfang an zur Publikation vorgesehen, sodass ich es unter Anleitung 
von Dr. Goran I. Benic in englischer Sprache verfasste.  
Nicht nur Verfärbungen, sondern auch Dimensionsdefizite des peri-implantären 
Weichgewebes beeinträchtigen den klinischen Erfolg von Implantatrekonstruktionen. 
Deshalb ist zur Beschreibung der Dimensionsunterschiede zwischen der Mukosa um 
Implantatrekonstruktionen und der Gingiva um natürliche Zähne der gleichen Patien-
tenkohorte ein zweites Manuskript vorgesehen. Das Ziel dieser Analyse ist es festzu-
stellen, durch welche sekundären Parameter die apiko-koronale Position des peri-
implantären Mukosasaumes beeinflusst wird. An Gipsmodellen bestimmte ich zu-
sammen mit Dr. Goran I. Benic die ideale, apiko-koronale Position des marginalen 
Mukosasaumes bukkal am Implantat. Mit dieser Referenzposition ermittelte ich das 
Schleimhautdefizit bzw. den Schleimhautüberschuss am Studienimplantat, welches 
den primären Parameter darstellt. Die Messungen der sekundären Parameter erfolg-
ten anhand von DVT und periapikalen Röntgenbildern. Die Publikation des zweiten 
Manuskriptes steht noch aus. 
  
